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Abstract. Mergers play important roles in triggering the most active objects in the
universe, including (U)LIRGs and QSOs. However, whether they are also important for
the total stellar mass build-up in galaxies in general is unclear and controversial. An-
swer to that question depends on the merger rate and on the average strength of merger
induced star formation. In this talk, I will review studies on spatial density and sSFR
enhancement of local mergers found in NIR/optical selected pair samples. In line with
the current literature on galaxy formation/evolution, special attention will be paid on the
dependence of the local merger rate and the sSFR enhancement on four fundamental
observables: (1) stellar mass, (2) mass ratio, (3) separation, and (4) environment.
1. Introduction
Historically, galaxy mergers were associated with “pathological galaxies” (Shapley
1943) that did not fit into the “Hubble Sequence”. Simulations of Toomre & Toomre
(1972) established firmly the connection between gravitational tidal effects during galaxy
merging and morphological features such as long tails, bridges and plumes, seen abun-
dantly in “Atlas of Peculiar Galaxies” (Arp 1966). Later studies found evidence for
mergers to play important roles in triggering extreme starbursts (such as ULIRGs,
Sanders & Mirabel 1996) and QSOs (Heckman et al. 1986; Sanders et al. 1988; Bah-
call et al. 1995). Alar Toomre (1978) proposed that merging can transform spirals into
ellipticals, a theory that put mergers to the center stage of galaxy evolution. In the
hierarchical structure formation paradigm of the contemporary cosmology, galaxy and
dark matter halo (DMH) merging is one of the most significant processes affecting the
evolution of structures in the early universe, and is largely responsible for the growth of
massive dark matter halos and the buildup of galaxies (Kauffmann et al. 1993; Lacey &
Cole 1993; Khochfar & Burkert 2005). In cosmological simulations, it is often assumed
that merger induced star formation (SF) is the major (or even the dominant) contributor
to the high star formation rate (SFR) at z ∼ 1 – 2, the epoch when the net SFR in the
universe peaks (Guiderdoni et al. 1998; Somerville et al. 2000; others 2005). On the
other hand, observationally, we are still facing two unsettled questions: (1) how many
galaxies are involved in mergers? (2) Is there any significant SFR enhancement in an
average merging galaxy (which is very different from FIR selected mergers such as
ULIRGs)? In this talk I will review the literature on studies of these two topics for local
mergers (z <∼ 0.1). Studies for mergers of higher redshifts will be covered elsewhere in
this conference.
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2. Merger Fraction in the Local Universe
Mergers are selected either by counting galaxies in close pairs that are destined to
merge, or by identifying peculiar galaxies with morphological features associated to
mergers. Generally, the formal selects early stage mergers when the two galaxies are
still visually separable, and the latter favors later stage mergers (or even post-mergers)
because the tidal features is fully developed until several 108 years after the first close-
encounter, and lasts well after the coalescence (Barnes & Herquist 1996). A summary
of results on the local merger fraction fmg is listed in Table 1.
The early result of Xu & Sulentic (1991) is high (fmg = 10%) because it includes
wide pairs (up to projected separation of r ∼ 100 kpc) and both major and minor merg-
ers. Pair samples of Patton et al. (1997), Patton et al. (2000), de Propris et al. (2007)
and Kartaltepe et al. (2007) are absolute magnitude limited without any restriction on
the mass ratio or the luminosity ratio. It is difficult to compare these results with any
model because the mass ratio is one of the most important parameters in merger models.
Also, these pair samples suffer from the “missing secondary” incompleteness, namely
many paired galaxies are missed because their companions are fainter than the absolute
magnitude limit. This bias is avoided in the works of Xu et al. (2004), Patton & Atfield
(2008), Domingue et al. (2009) and Xu et al. (2011), who confined their samples to
close major-merger pairs of projected separation r ≤ 20 h−1kpc and µ ≤ 2.5 or µ ≤ 2,
µ being the primary-to-secondary mass ratio (µ = Mpri/M2nd). Xu et al. (2011) is an
update of Xu et al. (2004) and Domingue et al. (2009), with two major improvements:
(1) a correction for the contamination of unphysical pairs caused by galaxy clustering;
(2) exclusion of the local super-cluster region. The result of Patton & Atfield (2008)
is higher than that of Xu et al. (2011), and the difference is more significant after ad-
justing the different values of µmax. Both studies used galaxies taken from the SDSS
database. Patton & Atfield (2008) included only pairs with both components having
SDSS redshifts. This resulted in a rather low redshift completeness of ∼ 30% for the
pairs because of the “fiber collision” issue in the SDSS redshift survey. The large cor-
rection factor ( >∼ 3) for this incompleteness may indeed introduce large uncertainties
in the result. In contrast, Xu et al. (2011) included pairs with at least one SDSS red-
shift, and made their own redshift observations and literature searches for the missing
redshifts. The completeness of this sample, only missing pairs with neither component
having SDSS redshift, is 89% (Domingue et al. 2009). Another major difference be-
tween Patton & Atfield (2008) and Xu et al. (2011) is that the former was selected in the
optical r-band while the latter in the NIR K-band. The merger induced SF may indeed
boost the Lr (which includes the Hα emission) of paired galaxies and in turn boost the
fmg for a given Lr because of the steep decline of the luminosity function. On the other
hand, dominated by the emission of old stars, LK is insensitive to the enhanced SFR.
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The apparently good agreement between the early result of Fried (1988) and the
recent result of Darg et al. (2010) for morphologically selected mergers is fortuitous.
The sample of Fried (1988) includes both major mergers and minor mergers, while that
of Darg et al. (2010) includes only the major mergers (µ ≤ 3). Excluding peculiar
galaxies that cannot be resolved into two galaxies, the sample of Darg et al. (2010)
is incomplete for morphologically selected mergers. Nevertheless, the agreement be-
tween merger fractions derived using morphologically selected merger samples and
using close pair samples (r ≤ 20 h−1kpc) is remarkable, indicating that the merger
time scales for these two different selections may indeed be similar (Lotz et al. 2010;
Conselice et al. 2009; Xu et al. 2011).
In addition to morphological and pair selected mergers, I also included in Table 1
studies based on 2-point correlation functions (2pcf). Bell et al. (2006) and Robaina
et al. (2010) have shown that for massive galaxies the 2pcf can be well extrapolated
down to r = 15 kpc, as power-laws with γ ' 2. Thus, the pair fraction can be estimated
from the 2pcf as following:
fmg = 4pin
∫ rmax
rmin
[1 + ξ(r)]r2dr, (1)
where n is the number density of galaxies and ξ the 2pcf. The results are indeed in good
agreement with those from pair counts. On the other hand, similar to those derived
using absolute magnitude limited pair samples, these results suffer from a lack of the
mass ratio information.
For close major-merger pairs, Patton & Atfield (2008), Domingue et al. (2009)
and Xu et al. (2011) found that fmg is constant against the luminosity or the stellar mass
Mstar. Xu et al. (2004) found a positive dependence of fmg on Mstar, but that result has
a large uncertainty due to the small sample size (19 pairs). Much of the discrepancies
between the results derived using pairs, as listed in Table 1, can be attributed to the
differences in the separation and the mass ratio. The separation dependence offmg can
be derived from Eq. 1 by assuming ξ(r) = (r0/r)γ and γ = 2, which results in fmg ∝ rmax
(assuming rmin << rmax). Xu et al. (2011) found that, within the range of 1 ≤ µmax ≤ 10,
fmg is approximately proportional to log(µmax). This suggests that there are about equal
numbers of major mergers with 1 ≤ µ ≤ 3 and minor mergers with 3 ≤ µ ≤ 10,
contradicting a common belief that such minor mergers are much more abundant than
major mergers! Extrapolating the result of Xu et al. (2011) using these r- and µmax-
dependences, we have:
fmg = 1.5% ×
rmax
20 h−1kpc
×
log(µmax)
log(3.0) . (2)
According to Ellison et al. (2010), both the average separation and the average velocity
difference of pairs increase with the local density n, while the average mass ratio is
insensitive to n. Xu et al. (2011) found that 90.4±2.5% of K-band selected close major-
merger pairs in the sample of Domingue et al. (2009), with ∆vmax = 1000 km sec−1,
have ∆v ≤ 500 km sec−1.
The differential merger rate Rmg is the probability for each galaxy to be involved
in a major merger per Gyr: Rmg = fmg/Tmg, where Tmg is the time scale (in Gyr) for
the merger selection (e.g. for morphologically selected mergers, Tmg is the time during
which the tidal features are recognizable). It is worth noting that (1) because galaxy
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merger is a very complex process (Hopkins et al. 2010), Rmg, fmg and Tmg are all
functions of the redshift, stellar mass, mass ratio, separation, and other parameters; (2)
for a given Rmg, the merger fraction fmg can be different in different merger selections
because of different values of Tmg; (3) Tmg is one of the major sources of uncertainties in
the calculation of merger rate; for example, for close major-merger pairs of L∗ galaxies
with µ ≤ 3 and projected separation r ≤ 20 h−1kpc, Tmg ranges from ∼ 0.3 Gyr (Lotz
et al. 2010) to ∼ 0.9 Gyr (Kitzbichler & White 2008); (4) it is important to distinguish
Tmg from the total merging time scale that starts when a companion falls into the dark
matter halo (DMH) of the target galaxy and ends when two galaxies coalesce; (5) many
wide pairs (r >∼ 50 h−1kpc), in particular minor mergers, may never merge (Patton et al.
2000; Lotz et al. 2010).
3. The sSFR Enhancement in Local Mergers
It was well established and well documented that, in the local universe, the extreme
starbursts such as ULIRGs are triggered by galaxy mergers (Sanders & Mirabel 1996).
However, there has been a long debate on whether every merging galaxy (or, in a weaker
version, most merging galaxies) has significantly enhanced SF activity, presumably
triggered by the gravitation tidal effect and other effects (e.g. enhanced collision rate of
gas clouds) associated with merger.
Merger induced star formation was first predicted by Toomre & Toomre (1972),
and confirmed by Larson & Tinsley (1978) in a study of optical colors of Arp galaxies.
Many subsequent studies of the Hα emission and FIR emission (both are SFR indica-
tors) in Arp galaxies and in paired galaxies provided further support to this theory (see
Kennicutt 1996 for a review). On the other hand, Haynes & Herter (1988) found little or
no enhanced FIR emission in a sample of optically selected pairs compared to a control
sample of single galaxies. In a more influential paper, Bergvall et al. (2003) reported
a multi-wavelength study in which they found no significant SFR enhancement for a
sample of morphologically selected merger candidates. Apparently, only some merg-
ing galaxies have significantly enhanced SFR (with ULIRGs as the extreme examples)
and the others do not. Whether the mean SFR of a merger sample shows significant
enhancement depends very much on how it is selected. Kennicutt et al. (1987) and
Bushouse et al. (1988) found that merger candidates which show strong signs of tidal
interactions have significantly stronger SFR enhancement than optically selected paired
galaxies, the latter being only marginally enhanced (a factor of ∼ 2) compared to single
galaxies. Telesco et al. (1988) found a strong tendency for pairs with the highest far-
IR color temperatures to have the smallest separation. Xu & Sulentic (1991) showed
that the enhancement of the FIR emission of close spiral-spiral (S+S) pairs with sep-
aration less than the size of the primary and with signs of interaction is significantly
stronger than that of wider pairs and pairs without interaction signs. Sulentic (1989)
found that elliptical-elliptical (E+E) pairs are equally quiet in the FIR emission as sin-
gle ellipticals. Very few E’s in S+E pairs are FIR bright, possibly cross-fueled by their
S companions (Domingue et al. 2003).
More recently, large digitized surveys (e.g. SDSS, 2MASS, 2df, etc) enabled large
and homogeneously selected pair samples. A clear anti-correlation between the specific
SFR (sSFR=SFR/Mstar) and the pair separation has been well established (Barton et al.
2000; Lambas et al. 2003; Alonso et al. 2004; Nikolic et al. 2004; Li et al. 2008; Ellison
et al. 2008). These results also showed evidence for a threshold separation at rclo =
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20 h−1kpc (or rclo = 30 h−170 kpc), beyond which significant sSFR enhancement (i.e. no
less than ∼ 30%, Ellison et al. 2008) is not detected.
Does every star forming galaxy (SFG) in close pairs with r ≤ rclo has enhanced
sSFR? This question was addressed by Xu et al. (2010) for major-merger pairs of
µ ≤ 2.5. They observed with Spitzer a complete sample of 27 K-band selected close
major-merger pairs, including 39 spirals (classified according to the morphology) that
do not harbor known AGNs. Two of their results stand out: (1) on average, spirals
in S+E pairs do not show any sSFR enhancement compared to their counterparts in a
mass-matched control sample of single spirals; (2) the sSFR enhancement of spirals
in S+S pairs is mass dependent in the sense that significant sSFR enhancement (a fac-
tor of ∼ 3) is confined to massive spirals (Mstar >∼ 1010.4 M for a Salpeter IMF, or
Mstar >∼ 1010.0 M for a Chabrier IMF) while no sSFR enhancement is found for less
massive paired spirals. The result (1) is somewhat surprising because, if the merger
induced SF is purely a gravitational phenomenon, one does not expect the morphology
of the companion should make any difference. On the other hand, as pointed out by
Struck (2005), the merger induced SFR depends on two things: (i) the amount of cold
gas available, (ii) the amplitude of the gas compression (as depicted by the “Kennicutt-
Schmidt Law”). Because a spiral companion and an elliptical companion of the same
mass should trigger same gravitational tidal squeeze, the difference between S in S+E
pairs and S in S+S pairs must be due to the difference in their cold gas abundance.
Unfortunately this cannot be verified because no data are available for the gas mass in
these galaxies. There are several plausible explanations for the result (2). First of all it
is likely that the threshold separation for the sSFR enhancement, rclo, is related to the
tidal radius which in turn scales with M1/3 for major mergers. Therefore many low mass
galaxies in the sample may not be “close” mergers although they have r ≤ 20h−1kpc.
Secondly, according to the theory proposed by Mihos et al. (1997), low mass galaxies
do not have sufficient disk self-gravity to amplify dynamical instabilities, and this disk
stability in turn inhibits interaction-driven gas inflow and starburst activity. Thirdly,
low mass spirals have systematically higher gas fraction (fgas >∼ 0.4). Hopkins et al.
(2009) pointed out that in a high fgas galaxy the merger induced gravitational torque is
inefficient in removing the angular momentum from the cold gas and therefore is un-
able to transport large amount of gas from disk to nucleus. As a consequence, nuclear
starbursts (a major mode of merger induced SF) may be largely missing in the low mass
spirals involved in major mergers. It is worth noting that merger samples selected in
the blue band or the Hα emission are biased for low mass late-type galaxies, and many
of them do not show significant sSFR enhancement (e.g. Bergvall et al. 2003; Knapen
& James 2009).
Another interesting result of Xu et al. (2010) is a significant correlation (at 92%
confidence level) between the sSFR of the two components in massive S+S pairs. This
is related to the above result (1) because, apparently, a paired galaxy knows not only
about the companion’s morphology, but also its sSFR! The correlation is not due to
the mass dependence of the sSFR because the subsample has a narrow mass range of
∆ log(Mstar)) ≤ 0.5, comparable to that of the mass ratio of pairs (log(µ) ≤ 0.4). Xu
et al. (2010) did not find any significant dependence of the sSFR on the density of local
neighbors within 2 Mpc radius, either. However, after reducing the radius of the neigh-
bor searching to 1 Mpc, I did find a much more significant dependence (Fig. 1a). Nev-
ertheless, the correlation is not due to this dependence because the difference between
the sSFR of the two components in a given pair is much smaller than the dispersion of
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Figure 1. Left (panel a): sSFR vs. Nneighbor plot for massive galaxies (Mstar =
1010.7–11.2 M, or Mstar = 1010.3–10.8 M for a Chabrier IMF) in 10 S+S pairs. The
two components in each pair are marked by the same number. The solid line marks
the average sSFR of single spirals in a control sample. The two dotted lines mark
the ±1σ boundaries. Right (panel b): Plot for the correlation between the sSFR of
two components in pairs. The numbers represent the same S+S pairs in panel a. The
crosses and upper/lower limits are for S+E pairs. The solid lines and dotted lines
have the same meaning as in panel a.
the sSFR of galaxies within a given Nneighbor bin. As shown in Fig. 1b, the correlation
is mainly due to pairs being separated into two groups: a group of 7 S+S pairs with
both components having relatively high sSFR, and another group of 3 S+S pairs plus 7
S+E pairs where at least one of the two components is a “red-and-dead” galaxy (either
an elliptical in case of a S+E pair or a red S0/Sa in case of a S+S pair). Kennicutt
et al. (1987) found a similar correlation between the Hα emission of two components in
galaxy pairs (the so called “Holmberg effect”). They argued that the correlation is due
to the common dependence of the SFR of both components on some orbital parameters
(e.g. ∆v and separation) and on merger stages. However, because having a red compo-
nent is related neither to a pair’s orbit nor to its merger stage, Kennicutt’s interpretation
cannot explain our result. Alternatively, I propose that the correlation is due to the mod-
ulation of the sSFR by the IGM in the dark matter halo (DMH) that the two galaxies
share (being in the final stage of a merger, they have been within each other’s virial
radius for >∼ 1Gyr). For example, when the DMH has strong “cold flows” (Dekel et al.
2009), both galaxies may have abundant cold gas supply and therefore higher sSFR.
On the other hand, DMH’s containing red galaxies may have little “cold flows”, and
therefore starve the merger induced SF in the SFG componions. Recently, Hwang et al.
(2011) reported a similar difference between the sSFR’s of late-type galaxies with late-
type neighbors and those with early-type neighbors in an FIR selected sample. They
interpreted the non-enhancement in latter case as a consequence of the SF quenching
by the hot-gas halo associated with the early-type companion. It is not clear whether
this theory applies to our result, given that some of our pairs in the lower-left corner of
Fig. 1b do not contain ellipticals but red spirals, which very rarely have extended hot
gas halos. Also, as shown in Fig. 1a, low sSFR S+S pairs #5 and #6 are in fairly low
local (r < 1 Mpc) density regions (they, respectively, have the same Nneighbor values as
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the two most SFR active S+S pairs #9 and #10). Lower Nneighbor usually indicates lower
DMH mass, and therefore lower IGM gas temperature and lower hot gas abundance.
On the other hand, low sSFR S+S pair #7 does have a high Nneighbor, revealing its as-
sociation with a dense group or cluster. Ellison et al. (2010) indeed found evidence for
non-enhancement of sSFR among close pairs in high local density regions. According
to Nikolic et al. (2004), late-type pairs with ∆v >∼ 400 km sec−1, most reside in dense
groups or clusters (Domingue et al. 2009), do not show any sSFR enhancement, either.
There is no dependence of the sSFR enhancement on the orbital directions (Keel 1993).
For minor mergers (µ > 3), Woods & Geller (2007) (see also Li et al. 2008 and El-
lison et al. 2008) found that only low mass late-type galaxies (most being secondaries)
in close pairs have significantly enhanced sSFR while massive galaxies (most being
primaries) show no significant sSFR enhancement. This is exactly opposite to what Xu
et al. (2010) found for major mergers. The difference is likely due to the asymmetry of
the gravitational effects in a minor merger (in particular when µ is very high): for the
massive primary the effects are minimal even when the two galaxies are close while for
the low mass secondary the effects can be overwhelming.
Summary on merger-induced sSFR enhancement (or lack of it):
1) Statistically, only close mergers with separation r ≤ 20 h−1kpc show significantly
enhanced sSFR, while wider mergers do not.
2) Paired ellipticals are usually SFR quiet, same as single ellipticals.
3) For close major mergers, only massive SFGs (Mstar >∼ 1010.0 M for a Chabrier
IMF) in SFG+SFG pairs1in the field have significant sSFR enhancement (a
factor of ∼ 3). They are ∼ 25% of all spirals in close major mergers.
4) Spirals in close major mergers are not sSFR enhanced when they fall into one of the
following categories: low mass spirals, spirals in S+E pairs (“E” including red
S0/Sa), spirals in dense-groups/clusters, spirals in pairs with ∆v >∼ 400 km sec−1.
5) For close minor mergers, only the low mass secondary spirals are sSFR enhanced
while the high mass primaries are not.
References
Alonso, M. S., Tissera, T. B., Coldwell, G., et al. 2004, MNRAS, 352, 1081
Arp, H. 1966, Atlas of Peculiar Galaxies (California Institute of Technology, Pasadena)
Bahcall, J. N., et al. 1995, ApJ, 450, 486
Barnes, J., & Herquist, L. 1996, ApJ, 471, 115
Barton, E. J., Geller, M. J., & Kenyon, S. J. 2000, ApJ, 530, 660
Bell, E. F., Phleps, S., Somerville, R. S., R.S., et al. 2006, ApJ, 652, 270
Bergvall, N., Laurikainen, E., & Aalto, S. 2003, A&A, 405, 31
Bushouse, H., Lamb, S., & Werner, M. 1988, ApJ, 335, 74
Conselice, C. J., Yang, C., C., & Bluck, A. F. L. 2009, MNRAS, 394, 1956
Darg, D. W., et al. 2010, MNRAS, 401, 1043
de Propris, R., et al. 2007, ApJ, 666, 212
Dekel, A., et al. 2009, Nature, 475, 451
Domingue, D. L., Sulentic, J. W., Xu, C., et al. 2003, AJ, 125, 555
Domingue, D. L., Xu, C. K., Jarrett, T. H., & Cheng, Y.-H. 2009, ApJ, 695, 1559
1SFGs do not include the “red-and-dead” S0/Sa galaxies among morphologically classified spirals.
NIR/Optical Selected Mergers 67
Ellison, S. L., Patton, D. R., Simard, L., et al. 2008, AJ, 135, 1877
— 2010, MNRAS, 407, 1514
Fried, J. W. 1988, A&A, 189, 42
Guiderdoni, B., et al. 1998, MNRAS, 295, 877
Haynes, M., & Herter, T. 1988, AJ, 96, 504
Heckman, T. M., et al. 1986, ApJ, 311, 526
Hopkins, P. F., et al. 2009, ApJ, 691, 1186
— 2010, ApJ, 724, 915
Hwang, H. S., Elbaz, D., Dickinson, M., et al. 2011, A&A, 535, 60
Kartaltepe, J. S., et al. 2007, ApJS, 172, 320
Kauffmann, G., S, D. M. W., & Guiderdoni, B. 1993, MNRAS, 264, 201
Keel, W. 1993, AJ, 106, 1771
Kennicutt, R. C. 1996, in Galaxies: Interactions and Induced Star Formation, edited by
D. Friedli, L. Martinet, & D. Pfenniger (Berlin and Heidelberg: Springer-Verlag), vol. 26
of Saas-Fee Advanced Course, 1
Kennicutt, R. C., Keel, W., van der Hulst, J., et al. 1987, AJ, 93, 1001
Khochfar, S., & Burkert, A. 2005, MNRAS, 359, 1379
Kitzbichler, M. G., & White, S. D. M. 2008, MNRAS, 391, 1488
Knapen, J. H., & James, P. 2009, ApJ, 698, 1437
Lacey, C., & Cole, S. 1993, MNRAS, 262, 627
Lambas, D. G., Tissera, P. B., Alonso, M. S., & Coldwell, G. 2003, MNRAS, 346, 1189
Larson, R. B., & Tinsley, B. M. 1978, ApJ, 219, 46
Li, C., et al. 2008, MNRAS, 385, 1903
Lotz, J. M., Jonsson, P., Cox, T. J., & Primack, J. R. 2010, MNRAS, 404, 575
Mihos, J. C., McGaugh, S. S., & de Blok, W. J. G. 1997, ApJL, 477
Nikolic, B., Cullen, H., & Alexander, P. 2004, MNRAS, 355, 874
others, C. M. B. 2005, MNRAS, 359, 119
Patton, D. R., & Atfield, J. E. 2008, ApJ, 685, 235
Patton, D. R., et al. 1997, ApJ, 475, 29
— 2000, ApJ, 536, 153
Robaina, A. R., Bell, E. F., van der Well, A., et al. 2010, ApJ, 719, 844
Sanders, D. B., & Mirabel, I. F. 1996, ARA&A, 34, 749
Sanders, D. B., et al. 1988, ApJ, 325, 74
Shapley, H. 1943, Galaxies (Philadelphia: Blakiston)
Somerville, R. S., et al. 2000, MNRAS, 320, 504
Struck, C. 2005, in Astrophysics Update 2, edited by J. W. Mason (Heidelberg: Springer-
Verlag), 115
Sulentic, J. 1989, AJ, 98, 2006
Telesco, C., et al. 1988, ApJ, 329, 174
Toomre, A. 1978, in The Evolution of Galaxies and Stellar Populations, edited by B. M. Tinsley,
& R. B. Larson (New Haven: Yale Univ. Press), 401
Toomre, A., & Toomre, M. 1972, ApJ, 178, 623
Woods, D. F., & Geller, M. J. 2007, AJ, 134, 527
Xu, C., & Sulentic, J. W. 1991, ApJ, 374, 407
Xu, C. K., Domingue, D., Cheng, Y., et al. 2010, ApJ, 713, 330
Xu, C. K., Sun, Y. C., & He, X. T. 2004, ApJ, 603, L73
Xu, C. K., Zhao, Y., Scoville, N., et al. 2011. ArXiv:1109.3693
